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The National Center for Biotechnology Information

• Created as a part of NLM in 1988
– Establish public databases
– Perform research in computational biology
– Develop software tools for sequence analysis
– Disseminate biomedical information
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Molecular Databases
• Primary

– Data provided by experimentalist
– Record maintained by submitter
– GenBank

• Derivative
– Value added to primary data

• compilation
• curation
• assembly

– Record maintained by database staff
– NCBI Reference Sequences (RefSeq)
– Protein Data
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GenBank: NCBI’sPrimary Sequence Database

• full release every two months
• incremental and cumulative updates daily
• available only through internet

ftp://ftp.ncbi.nih.gov/genbank/

Release 135 April 2003
24,027,936 Records

31,099,264,455 Nucleotides
120,000 + Species 

114 Gigabytes
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The Growth of GenBank

Release 135: 24.0 milllion records
31.1 billion nucleotides

Doubling time = 12 months

N
CBI

Traditional GenBank Divisions

BCT Bacterial and Archeal
INV Invertebrate
MAM Mammalian (ex. ROD and PRI)
PHG Phage
PLN Plant and Fungal
PRI  Primate
ROD Rodent
SYN Synthetic (vectors, synth. genes)
VRL Viral
VRT Other Vertebrate

•Direct Submissions (Sequin and BankIt)
•Accurate
•Well characterized
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Traditional GenBank Records

•Archival
•Redundant

N
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Bulk GenBank Divisions

EST Expressed Sequence Tag 
STS Sequence Tagged Site
GSS Genome Survey Sequence
HTG High Throughput Genomic

•Batch Submission and htg (email and ftp)
•Inaccurate
•Poorly Characterized

N
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Bulk GenBank Records: ESTs

•first pass, single read cDNA
•largest GenBank division
•gbdiv_est[Properties]
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Genome Sequencing - HTG, GSS,(WGS)  

Draft Sequence (HTG division)

shredding

Whole BAC insert (or genome)

cloning isolating

assembly

sequencing

GSS division
or trace archive
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Bulk GenBank Records: GSS

•first pass, single read gDNA
•surveys of BAC libraries
•gbdiv_gss[Properties]
•zebrafish GSS: 159, 024

N
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40,000 to > 350,000 bp

phase 1

phase 2

phase 3 VRT

Acc = AC109580.1

Acc =AC109580.11

Acc = AC109580.14 

HTG

HTG

HTG Division: High Throughput Genome
Zebrafish PAC Clone

gbdiv_htg[Properties]
zebrafish: 2,958
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RefSeq: NCBI’s Derivative Sequence Database

• Curated transcripts and proteins [NM_, NP_]
– reviewed
– human, mouse, rat, cow, fruit fly, zebrafish, arabidopsis

C.elegans

• Model transcripts and proteins [XM_, XP_]
• Assembled Genomic Regions [NT_, NW_ ]

– draft human genome
– mouse genome

• Chromosome records [NC_]
– microbial
– organelle

srcdb_refseq[Properties]
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Web Access

BLAST

VAST

Entrez

Text

Sequence

Structure

N
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Genomes

Taxonomy

Entrez: Database Integration

PubMed 
abstracts

Nucleotide 
sequences

Protein 
sequences

3-D 
Structure

3 -D 
Structure

Word weight

VAST

BLASTBLAST

Phylogeny



6

N
CBI

WWW Entrez

N
CBI

Sequence Similarity Searching

Basic Local Alignment Search Tool

N
CBI

Why do we need similarity searching?

èIdentification and annotation
•Incomplete or no annotations (GenBank)
•Incorrectly annotated sequences

è Evolutionary relationships
homologous molecules may
have similar functions 
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Basic Local Alignment Search Tool

• Widely used similarity search tool
• Heuristic approach based on Smith Waterman algorithm
• Finds best local alignments
• Provides statistical significance
• All combinations (DNA/Protein) query and database.

– DNA vs DNA
– DNA translation vs Protein
– Protein vs Protein
– Protein vs DNA translation
– DNA translation vs DNA translation

• www, standalone, and network clients

N
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Local Alignment Statistics
High scores of local alignments between two random sequences
follow Extreme Value Distribution

K = scale for search space
λ = scale for scoring system
S’= bitscore = (λS - lnK)/ln2

Expected number with score S or 
greater

E = Kmne-λ S

or

E = mn2-S’

For ungapped alignments:

http://www.ncbi.nlm.nih.gov/BLAST/tutorial/Altschul-1.html

N
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Scoring Systems
•Position Independent Matrices

•Nucleic Acids – identity matrix
•Proteins

•PAM Matrices (Percent Accepted Mutation)
•Implicit model of evolution
•Higher PAM number all calculated from PAM1
•PAM250 widely used

•BLOSUM Matrices (BLOck SUbstitution Matrices)
•Empirically determined from alignment 
of conserved blocks
•Each includes information up to a certain level
of identity

•BLOSUM62 widely used
•Position Specific Score Matrices (PSSMs)

•PSI and RPS BLAST

A  G  C  T
A +1 –3 –3 -3
G –3 +1 –3 -3
C –3 –3 +1 -3
T –3 –3 –3 +1



8

N
CBI

A  4
R -1  5
N -2  0  6
D -2 -2  1  6
C  0 -3 -3 -3  9
Q -1  1  0  0 -3  5
E -1  0  0  2 -4  2  5
G  0 -2  0 -1 -3 -2 -2  6
H -2  0  1 -1 -3  0  0 -2  8
I -1 -3 -3 -3 -1 -3 -3 -4 -3  4
L -1 -2 -3 -4 -1 -2 -3 -4 -3  2  4
K -1  2  0 -1 -3  1  1 -2 -1 -3 -2  5
M -1 -1 -2 -3 -1  0 -2 -3 -2  1  2 -1  5
F -2 -3 -3 -3 -2 -3 -3 -3 -1  0  0 -3  0  6
P -1 -2 -2 -1 -3 -1 -1 -2 -2 -3 -3 -1 -2 -4  7
S  1 -1  1  0 -1  0  0  0 -1 -2 -2  0 -1 -2 -1  4
T  0 -1  0 -1 -1 -1 -1 -2 -2 -1 -1 -1 -1 -2 -1  1  5
W -3 -3 -4 -4 -2 -2 -3 -2 -2 -3 -2 -3 -1  1 -4 -3 -2 11
Y -2 -2 -2 -3 -2 -1 -2 -3  2 -1 -1 -2 -1  3 -3 -2 -2  2  7
V  0 -3 -3 -3 -1 -2 -2 -3 -3  3  1 -2  1 -1 -2 -2  0 -3 -1  4
X  0 -1 -1 -1 -2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -2  0  0 -2 -1 -1 -1

A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S  T  W  Y  V  X

BLOSUM62

Common amino acids have low weights

Rare amino acids have high weights

Negative for less likely substitutions

Positive for more likely substitutions

N
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Position Specific Substitution Rates 

Active site serineWeakly conserved serine

N
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Position Specific Score Matrix (PSSM)

A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S T  W  Y  V
206 D    0 -2  0  2 -4  2  4 -4 -3 -5 -4  0 -2 -6  1  0 -1 -6 -4 -1 
207 G   -2 -1  0 -2 -4 -3 -3  6 -4 -5 -5  0 -2 -3 -2 -2 -1  0 -6 -5 
208 V   -1  1 -3 -3 -5 -1 -2  6 -1 -4 -5  1 -5 -6 -4  0 -2 -6 -4 -2 
209 I   -3  3 -3 -4 -6  0 -1 -4 -1  2 -4  6 -2 -5 -5 -3  0 -1 -4  0 
210 S -2 -5  0  8 -5 -3 -2 -1 -4 -7 -6 -4 -6 -7 -5  1 -3 -7 -5 -6 
211 S    4 -4 -4 -4 -4 -1 -4 -2 -3 -3 -5 -4 -4 -5 -1  4  3 -6 -5 -3 
212 C   -4 -7 -6 -7 12 -7 -7 -5 -6 -5 -5 -7 -5  0 -7 -4 -4 -5  0 -4 
213 N   -2  0  2 -1 -6  7  0 -2  0 -6 -4  2  0 -2 -5 -1 -3 -3 -4 -3 
214 G   -2 -3 -3 -4 -4 -4 -5  7 -4 -7 -7 -5 -4 -4 -6 -3 -5 -6 -6 -6 
215 D   -5 -5 -2  9 -7 -4 -1 -5 -5 -7 -7 -4 -7 -7 -5 -4 -4 -8 -7 -7 
216 S -2 -4 -2 -4 -4 -3 -3 -3 -4 -6 -6 -3 -5 -6 -4  7 -2 -6 -5 -5 
217 G   -3 -6 -4 -5 -6 -5 -6  8 -6 -8 -7 -5 -6 -7 -6 -4 -5 -6 -7 -7 
218 G   -3 -6 -4 -5 -6 -5 -6  8 -6 -7 -7 -5 -6 -7 -6 -2 -4 -6 -7 -7 
219 P   -2 -6 -6 -5 -6 -5 -5 -6 -6 -6 -7 -4 -6 -7  9 -4 -4 -7 -7 -6 
220 L   -4 -6 -7 -7 -5 -5 -6 -7  0 -1  6 -6  1  0 -6 -6 -5 -5 -4  0 
221 N   -1 -6  0 -6 -4 -4 -6 -6 -1  3  0 -5  4 -3 -6 -2 -1 -6 -1  6 
222 C    0 -4 -5 -5 10 -2 -5 -5  1 -1 -1 -5  0 -1 -4 -1  0 -5  0  0 
223 Q    0  1  4  2 -5  2  0  0  0 -4 -2  1  0  0  0 -1 -1 -3 -3 -4 
224 A   -1 -1  1  3 -4 -1  1  4 -3 -4 -3 -1 -2 -2 -3  0 -2 -2 -2 -3 

Serine scored differently
in these two positions

Active site nucleophile
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Web BLAST

N
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BLAST Databases:  Non-redundant protein

nr (non-redundant protein sequences)
– GenBank CDS translations
– NP_ RefSeqs
– Outside Protein

• PIR, Swiss-Prot, PRF
– PDB (sequences from structures)
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BLAST Databases: Nucleic Acid
• nr (nt)

– Traditional GenBank Divisions
– NM_ and XM_ RefSeqs

• dbest
– EST Division

• htgs
– HTG division

• gss
– GSS division

• chromosome
– NC_ RefSeqs
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Service Addresses

•General Help info@ncbi.nlm.nih.gov

•BLAST blast-help@ncbi.nlm.nih.gov
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NCBI Training

Day Long Training Course
Audience: Research Biologists
•3-hour Lecture
•2-hour hands on practice
•One-on-one consults


